Originally known as posterior tibial tendon dysfunction or insufficiency, adult-acquired flatfoot deformity encompasses a wide range of deformities. These deformities vary in location, severity, and rate of progression. Establishing a diagnosis as early as possible is one of the most important factors in treatment. Prompt early, aggressive nonsurgical management is important. A patient in whom such treatment fails should strongly consider surgical correction to avoid worsening of the deformity. In all four stages of deformity, the goal of surgery is to achieve proper alignment and maintain as much flexibility as possible in the foot and ankle complex. However, controversy remains as to how to manage flexible deformities, especially those that are severe.
A dult-acquired flatfoot deformity (AAFD) encompasses a wide range of deformities. 1 Originally known as posterior tibial tendon dysfunction or insufficiency, AAFD was first described as tendon failure. 2, 3 However, failure of the ligaments that support the arch also occurs, often resulting in progressive deformity of the foot. 1, [4] [5] [6] Deformities vary in severity, rate of progression, and location along the arch. Treatment has been effective in relieving pain. However, achieving maximum function remains a challenge. When the deformities become more severe and fixed, the results of treatment are more limited. Controversies persist regarding how to treat AAFD, especially the more severe flexible deformities.
The presenting symptoms of AAFD vary according to the stage of disease. Early on, a patient presents with pain and swelling medially over the posterior tibial tendon. The tendon failure is a degenerative process. Even though the tendon may not rupture, it often becomes dysfunctional. Tendon failure occurs most often just distal to and at the level of the medial malleolus. The etiology of the condition is multifactorial. Preexisting flatfoot is common, and obesity is often present. Relative hypovascularity in this area of the tendon is another possible factor. 7 AAFD is more common in females, with peak incidence at age 55 years.
With time, medial foot pain caused by tendon failure may dissipate, although swelling may persist. Ligament failure commonly occurs along with the tendon dysfunction. However, it may take place after or, less commonly, before tendon failure. The spring ligament complex that supports the talonavicular joint often is involved, resulting in increasing deformity at this joint. Along with subluxation at the talonavicular joint comes involvement of the interosseous ligament and subluxation at the subtalar joint. 6 A combination of plantar and medial migration of the talar head occurs, resulting in flattening of the arch as the foot displaces from un-derneath the talus. The ligaments supporting the naviculocuneiform and tarsometatarsal joints also may degenerate, resulting in deformities at these joints. Thus, deformities can occur along the entire medial longitudinal arch. With progression of hindfoot deformity, a patient can develop lateral pain from bony impingement at the lateral subtalar joint and distal tip of the fibula. There may be a significant period of time between resolution of medial pain and the development of lateral pain, when the symptoms may consist more of a weakness in the foot than pain. However, pain eventually returns when the deformity progresses.
Diagnosis
The diagnosis of AAFD is based on patient history, physical examination, and standing radiographs of the foot and ankle. Magnetic resonance imaging may confirm the tendon pathology; however, it is not required. An important clinical sign is the inability to perform a single heel rise normally. For a normal heel rise, the patient must be able, with the opposite foot off the ground, to raise the heel off the ground; the physician should see normal inversion of the heel occur during heel rise. To properly perform the test, a second person is needed to balance the patient. Alternatively, the patient may place his or her hands against the wall for balance. The examiner kneels behind the patient and asks the patient to stand on one foot. While the knee of the affected leg is held straight, the patient is asked to lift the heel off the ground and go up onto the toes. This may be impossible on the affected side. Some patients can lift the heel off the ground or maintain the heel in valgus without the normal shift into the varus or inverted position. The test is considered positive when the patient is unable to lift the heel off the ground or normal heel inversion does not occur. Other conditions, such as Achilles rupture, arthritis, and fusion involving the talonavicular or subtalar joints, may give a false-positive result. However, this test is usually a good indicator of posterior tibial tendon dysfunction.
Stages of Adult-acquired Flatfoot Deformity
Staging of AAFD is based on the deformity; four stages have been described (Table 1 ). The first three stages were originally described by Johnson and Strom. 4 The patient with stage I AAFD presents with flatfoot that has been present throughout adulthood but without deformity. Tenosynovitis and/or tendinosus may be present. A subgroup of patients in stage I present with spondyloarthropathy. 1 In stage II, AAFD causes a change in alignment of the foot (ie, developed deformity). The distinguishing characteristic of stage II is passively correctible deformity. The talonavicular joint can be placed into an inverted position and the heel alignment passively corrected. Stage II has been further divided into stages IIa and IIb. 8, 9 Stage IIa AAFD involves deformity with minimal abduction through the midfoot (ie, <30% talar head uncoverage on the standing anteroposterior [AP] radiograph [ Figure  1] ). In Stage IIb, patients generally ex- hibit more deformity clinically, with >30% talar head uncoverage on standing AP radiographs. As the deformity through the talonavicular joint becomes more severe, greater foot abduction occurs at that joint. This can be seen when the standing AP alignment of the foot is inspected clinically and on radiographs that demonstrate uncoverage of the medial talar head ( Figure 2 ). The lateral talonavicular joint can be inspected for incongruency on an AP radiograph. The lateral margins of the talonavicular joint demonstrate lateral rotation/displacement of the navicular with respect to the talar head. The standing AP radiograph may underestimate the extent of abduction if the patient holds up the arch while the radiograph is being made or if positioning does not allow full weight bearing with the lower leg directly over the foot. Thus, it is important to evaluate the patient's standing clinical alignment as well ( Figure 3 ). Stage III AAFD involves fixed deformity, meaning that passive inversion of the triple-joint complex (ie, talonavicular, subtalar, calcaneocuboid joints) beyond the neutral plantigrade position of the foot is not possible ( Figure 4 ). Most commonly, there is fixed hindfoot valgus and abduction through the midfoot.
In stage IV AAFD, as defined by Myerson, 1 the patient has deformity in the ankle joint in addition to the foot. An AP radiograph of the ankle shows a lateral talar tilt, indicating failure of the deltoid ligament (Figure 5) . In stage IV, the foot deformity may be either flexible or fixed. It is more common for the deformity to be fixed but it can be flexible. This stage can be subclassified into IVa (ie, flexible foot deformity) and IVb (ie, fixed foot deformity) to differentiate these different types (Table 1) .
Treatment Nonsurgical
Nonsurgical treatment is recommended first because it may be helpful in alleviating symptoms. [10] [11] [12] A removable boot or cast is most often helpful as initial treatment in the patient who is highly symptomatic. Although nonsteroidal anti-inflammatory medications may be helpful, immobilization followed by support is the most effective means of nonsurgical management. Depending on the results of immobilization, as well as the level of deformity and duration of symptoms, support may be achieved with a customized brace. A short articulated ankle-foot orthosis allows ankle motion and provides support via the tibia and the medial longitudinal arch. 10, 11 The Arizona brace (Arizona, Inc, Mesa, AZ) provides excellent support with its firm leather lace-up design, but it limits ankle motion. 12 These braces are most often used longer than 2 months in patients with considerable pronation in the foot (ie, moderate to severe increased heel valgus and abduction through the midfoot, resulting in lowering of the medial longitudinal arch). They can be used long-term if necessary or, if the deformity is not severe, for several months, then followed by a foot orthosis. A foot orthosis (ie, an orthotic with a medial longitudinal arch support and medial heel wedge) is less cumbersome than a brace, but it provides less support. A foot orthosis is most suitable once the initial symptoms have improved. Orthoses do not provide adequate support for more severe deformities.
No study has been done to document whether these devices slow or prevent the progression of deformity. A short-term study on patients with stage I and II deformity demonstrated an 89% satisfaction rate with a program that included orthotic support (eg, short articulated ankle-foot orthosis, foot orthosis [when the pain subsided]) and adequate physical therapy. 10 This study had 1-year follow-up. Long-term results of nonsurgical treatment have not been reported.
Although nonsurgical treatment is an appropriate option, patients should be watched for increasing deformity.
A patient may progress slowly, quickly, or not at all. Each patient should be made aware of the advantages and disadvantages of waiting. The patient should be advised that if deformity increases considerably, surgical treatment may not be as successful. The author prefers to immobilize a patient in a removable boot for 3 to 6 weeks, often with a foot orthosis to correct heel valgus. If this is successful and the deformity is mild to moderate, the patient can be progressed out of the boot, and the foot orthosis is used in a lace-up shoe or sneaker. 10 For more severe deformities, a short articulated ankle-foot orthosis or an Arizona brace is used instead. Device selection is made based on deformity and patient preference. [10] [11] [12] Physical therapy can be helpful after the initial inflammation has dissipated. A program of Achilles tendon stretching, inversion, and toe flexor strengthening along with proprioception exercises is used. When immobilization followed by orthotic or brace support fails to alleviate symptoms or when the amount of deformity is increasing, surgery is strongly advised.
Surgical Stage I
Surgical treatment of stage I AAFD classically includes tenosynovectomy, tendon repair, or tendon transfer, depending on the condition of the tendon. Surgery is performed only after the failure of 3 months of nonsurgical care. In the author's experience, surgical treatment with dé-bridement or repair has a significant long-term failure rate when the patient has a flatfoot, even when the patient and physician believe there has been no increase in the flatfoot. 13 The patient who presents with symptoms lasting >3 months is a candidate for surgical treatment. Although controversial in stage I, a calcaneal medial slide osteotomy may be added to the tendon procedure for the patient with a flatfoot.
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Figure 5
Standing AP radiograph of the ankle of a patient with stage IV adult-acquired flatfoot deformity. Note the lateral tilt of the talus in the ankle mortise. 
Stage IIa
Surgical treatment selection for stage IIa deformity is based on the type and amount of deformity. With a flexible mild deformity and a compromised tendon, tendon transfer (usually of the flexor digitorum longus) is performed along with bony procedures. A medial calcaneal heel slide has been shown to correct deformity and provide satisfactory results in patients with stage IIa AAFD.
14 The medial heel slide corrects heel valgus and takes strain off the medial ligaments and posterior tibial tendon, resulting in minimal stiffness. 15 There are differences of opinion regarding the severity of deformity that can be adequately treated with a medial heel slide in contrast with when other procedures in the hindfoot are required. 8, 16, 17 Some surgeons have attempted an arthroereisis implant without a calcaneal osteotomy. Preliminary results on these procedures have shown patient satisfaction. 17 The procedure does not require osteotomy or fusion, but sinus tarsi pain from the implant can occur; long-term follow-up data are not available. Procedures to treat deformity at the metatarsal-tarsal joints and the naviculocuneiform joints may include first metatarsaltarsal fusion, Cotton or opening wedge medial cuneiform osteotomy, and naviculocuneiform fusion. 18 Surgeons should weigh the symptomatic benefit of these procedures against the morbidity. A stable first ray, one that is not in dorsiflexion in comparison with the second metatarsal, is important to the alignment of the arch. Metatarsal-tarsal fusion can be used to bring the first ray down. However, when the first ray is stable, plantar flexion of the first ray may be gained with an opening wedge cuneiform osteotomy rather than a metatarsal-tarsal fusion. Naviculocuneiform fusion can stabilize instability at that joint, but correction must be weighed against the difficulty of achieving fusion in these joints. Some remaining deformity at the naviculocuneiform joint is often well tolerated.
Postoperative care following tendon transfer and medial slide osteotomy requires non-weight bearing or touch-down weight bearing in a cast or removable cast/brace for 6 weeks. This is followed by progression to full weight bearing by 8 weeks after surgery. From 6 to 12 weeks, the patient is kept in a removable boot. Range-of-motion exercises are begun at 6 weeks, and progressive strengthening exercises are begun 12 weeks postoperatively when the tendon transfer has healed. These exercises are done with a physical therapist or by the patient alone, using gentle strengthening at first. A foot orthosis is recommended when the patient progresses to lace-up shoes (12 to 14 weeks postoperatively). The patient should be informed that improvement is not expected until 4 to 6 months after surgery.
Stage IIb
Treatment of the more severe stage IIb AAFD is controversial compared with treatment of other stages of the disease. Some surgeons commonly use lateral column lengthening, [19] [20] [21] while others use it rarely, if at all. 16 Lateral column lengthening provides correction to the abducted talonavicular joint and raises the arch. 22 However, it also decreases eversion and increases the pressure along the plantar lateral border of the foot. 23 Lateral column lengthening may be performed through the anterior calcaneus or the calcaneocuboid joint. 24, 25 Either autograft or allograft may be used for the lengthening; a high union rate has been shown for both when the graft is used through an osteotomy in the anterior calcaneus. 26 Calcaneocuboid distraction arthrodesis has a high incidence of nonunion and, even with healing, the procedure results in more residual discomfort in the foot. 8, 25 Precisely when lateral column lengthening is needed has not been defined. Because it is very powerful in the correction of abduction and because overcorrection occurs easily, it should be done only in the presence of abduction deformity (ie, >30% to 40% talar head uncoverage or incongruency at the lateral talonavicular joint on a standing AP radiograph). Lengthening may result in lateral foot overload, fifth metatarsal stress fracture, and significant stiffness. 25 However, a patient with moderate to severe abduction deformity at the talonavicular joint may not achieve sufficient correction with a medial slide osteotomy.
Because of the potential problems related to lateral column lengthening, some surgeons opt to accept limited correction with a medial slide osteotomy or to proceed to a hindfoot fusion, such as a subtalar fusion. 25, 27, 28 For the more severe deformities, the surgeon may elect to proceed to a fusion that includes the talonavicular joint. A comparison study of patients treated for stage IIa with a medial slide osteotomy versus patients with stage IIb treated with medial slide osteotomy and lateral column lengthening did show a higher incidence of lateral discomfort and stiffness in the group that underwent medial slide osteotomy and lateral column lengthening. 8 Forty-five percent of patients in the group treated with medial slide osteotomy and lateral column lengthening had some degree of lateral discomfort, whereas 55% did not. 8 Admittedly, medial slide osteotomy plus lateral column lengthening was done on patients with a greater level of deformity. Interestingly, those patients who had lateral discomfort after a medial slide osteotomy and lateral column lengthening also had a statistically significant (P < 0.05) greater incidence of perceived stiffness. Thus, minimizing stiffness while providing only the amount of correction necessary is likely to be helpful in minimizing lateral discomfort when a lateral column lengthening is performed. Because overcorrection is easy to do, it is important to carefully choose the amount of correction in this powerful procedure. Correction should be done judiciously to avoid excessive stiffness on the lateral side of the foot. The goal is not to obtain a high arch or stiff foot; rather, it is to achieve acceptable alignment (ie, no valgus or abduction deformity), with no excessive stiffness on the lateral side. Normal but not excessive eversion motion should remain in the foot. Further work needs to be done on how to avoid stiffness and minimize residual symptoms after lateral column lengthening.
Postoperative care after tendon transfer and medial slide osteotomy with lateral column lengthening is somewhat longer than after tendon transfer and medial slide osteotomy. The patient is kept non-weight bearing or touch-down weight-bearing in a cast or removable boot for 8 weeks, with progression to full weight bearing between weeks 8 and 10. Rangeof-motion exercise is begun at 8 weeks and strengthening, by 10 weeks.
Spring ligament repair or reconstruction has a place in the treatment of stage IIa and IIb AAFD, although its role has not been precisely defined. Because the spring ligament is often degenerated, repair alone should not be counted on to provide correction of bony alignment. Repair is most commonly done for a gross tear in the ligament. There are no data to prove its efficacy, given that it is done in conjunction with concomitant procedures such as calcaneal osteotomy. However, repair of tears, whether acute or chronic, is recommended. In some instances, flexible deformity that cannot be corrected with a medial slide osteotomy and lateral column lengthening may be successfully managed with the addition of spring ligament reconstruction using tendon graft. This has provided further correction of alignment in the operating room that has lasted in clinical follow-up. No clinical series of these procedures has been published, but the author's experience to date is that such procedures can add small amounts of correction of alignment to bony procedures.
Stage III
Stage III AAFD is not passively correctable even under anesthesia. Arthrodesis is required to correct deformity and stabilize the foot. Most often, correction requires fusion of at least the talonavicular joint because much of the deformity occurs through that joint. The author prefers triple arthrodesis because adequate correction commonly requires fusion of all three joints. Major bone graft is not required, but small amounts of graft are commonly used, which are obtained from the tibia, either medially above the ankle or laterally just below the knee or using a bone graft substitute. It is important to carefully check the alignment set at the time of hindfoot fusion. In situ fusions should be avoided. Adequate correction of deformity without overcorrection into varus offers the best result. The heel should be in ≤5°of valgus with the forefoot in neutral (ie, no forefoot supination or elevation of the first ray and no forefoot pronation). When excessive heel valgus remains even after realignment of the forefoot and triple-joint complex, then a medial slide osteotomy is added. A metatarsal-tarsal fusion for an unstable first ray or a Cotton osteotomy is used to correct an elevated first metatarsal. A plantigrade foot with the heel properly aligned (ie, no increased heel valgus but no heel varus) and the forefoot out of supination are important goals.
The functional result after a triple arthrodesis has limitations. 8, 29 Walking on uneven ground and walking for exercise are often hindered. In one study, the function of patients with stage II AAFD treated with either medial slide osteotomy or medial slide osteotomy and lateral column lengthening was compared with that of patients with stage IIb or III AAFD who were treated with hindfoot arthrodesis. 8 Greater limitation of function was evident in the arthrodesis group. This supports the hypothesis that with progressive deformity, it is best to correct the foot early, before more advanced fusion procedures are required.
Stage IV
Little has been published on the surgical results of the treatment of stage IV AAFD. Different techniques for reconstruction of the deltoid have been published. 30, 31 One small clinical series on reconstruction of the deltoid ligament using tendon graft and simultaneous correction of foot deformity showed correction of the talar tilt at the ankle. 30 The patient with the most severe deformity at the ankle was the only patient of five in this study who did not gain correction of the talar tilt. Drill holes in the tibia and talus were used to approximate the insertions of the deep deltoid ligament. Correction of foot deformity, including full correction of heel valgus, elevation of the first ray, and abduction through the midfoot, is felt to be critical to the success of the procedure. This correction can be done without a triple arthrodesis in a flexible foot (stage IVa). Instead, the patient can be treated with medial slide osteotomy, lateral column lengthening, and possibly a metatarsal-tarsal fusion or Cotton osteotomy. With fixed deformity (stage IVb), a triple arthrodesis is used. When >5°of heel valgus is still present, a medial slide osteotomy is added at the time of the triple arthrodesis. It is not known how much reconstruction of the deltoid contributes to the success of the procedure. Without full correction of the foot deformity, reconstruction of the ankle deformity is expected to fail.
In the patient with stage IV AAFD who has severe arthritis in the ankle (ie, bone-on-bone contact with correction of the talar tilt), ankle arthrodesis or total ankle arthroplasty is required. Because of the stiffness and limitation of ambula-tion with a pantalar fusion, the use of tibiocalcaneal arthrodesis or total ankle arthroplasty with reconstruction of the foot should be considered. When deformity can be adequately corrected without fusing the talonavicular joint, it is important to maintain motion of the transverse tarsal joint.
In all stages, the Achilles tendon or the gastrocnemius-soleus complex can be contracted. Contraction is more common in the more severe deformities in stage IIa and IIb as well as in stages III and IV. Surgeon preference varies regarding the frequency of lengthening the Achilles tendon. Tightness of the Achilles should be examined with the knee extended and in 90°of flexion. When the hindfoot and ankle cannot be brought into any dorsiflexion with the knee extended and the foot in the corrected position, consideration should be given to gastrocnemius recession. With the foot in the corrected position and the knee flexed, dorsiflexion should be present to confirm that just a gastrocnemius recession will provide adequate relief of the contracture. Triple-cut lengthening of the Achilles tendon is performed when the gastrocnemius and soleus are both contracted (ie, no dorsiflexion of the ankle with the knee in 90°of flexion). The surgeon should be careful to avoid overlengthening with the triple-cut procedure. Postoperative care of the reconstruction consists of non-weight bearing or touchdown weight bearing in a cast for 10 to 12 weeks, followed by increasing weight-bearing in a removable boot for 2 to 4 weeks.
Summary
There is considerable surgeon-tosurgeon variability in the treatment of AAFD, particularly in stage II disease. A patient with stage I AAFD often can be treated nonsurgically, which should be considered in the initial treatment in all stages of AAFD. In stage IIa deformity, surgical treatment with a medial slide osteotomy and tendon transfer has been shown to provide consistently good results. Lateral column lengthening provides more correction; thus, it should be considered for the patient with more severe deformity (ie, stage IIb). However, there is a risk of lateral overload with this procedure, and care should be taken to avoid overcorrection and excessive stiffness. When multiple osteotomies are being performed, temporary fixation is recommended so that the final position and flexibility of the foot can be assessed before definitive fixation is placed. The patient with stage III AAFD requires hindfoot fusion, most commonly involving the talonavicular joint. Positioning is important in achieving optimal functional result. Care should again be taken to avoid over-and undercorrection. More progress is needed in the management of stage IV disease. An initial study has shown that correction of deformity in both the foot and ankle is possible. 30 The end result of surgical treatment of the patient with AAFD has much to do with the management of the associated deformity. The principle of correcting the deformity while avoiding overcorrection and excessive stiffness is important in determining the outcome of the surgical treatment in these patients. In all stages, there are benefits to achieving proper alignment and maintaining as much flexibility as possible. Working on the maximum achievement of these two goals is likely to continue to optimize the results for patients with AAFD.
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